ABSTRACT: Psychopathy is a developmental disorder marked by emotional hypo-responsiveness and an increased risk for instrumental and reactive aggression. In this paper, it will be argued that the developmental origins of psychopathy do not lie in orbitofrontal cortex (OFC) dysfunction. This is because the key functional impairments seen in psychopathy are associated with amygdala damage, not with OFC damage. However, it will be argued that the role played by the integrated functioning of the amygdala and medial OFC in stimulus-reinforcement learning and decision making is disrupted in psychopathy. Impaired learning of stimulus-reinforcement associations and representation of reinforcement expectations are thought to underlie the impairments in socialization and appropriate decision making seen in psychopathy. It is suggested that the impairment in the role of medial OFC in prediction error signaling and the detection of contingency change may underlie the impairments in flexible behavioral change seen in psychopathy.
INTRODUCTION
The goal of this paper is to consider whether there is dysfunction within orbitofrontal cortex (OFC) in individuals with psychopathy. First, the disorder will be briefly described. Then, three questions will be addressed: (1) Whether psychopathy is a developmental form of "acquired sociopathy"/pseudopsychopathy; (2) Whether there is medial OFC dysfunction in psychopathy; and (3) Whether there is lateral OFC or ventrolateral prefrontal cortex dysfunction in psychopathy.
THE DISORDER OF PSYCHOPATHY
Psychopathy is a developmental disorder involving two core components: emotional dysfunction and antisocial behavior. [1] [2] [3] The emotional dysfunction involves reduced guilt and empathy as well as reduced attachment to significant others. The antisocial behavior component involves a predisposition to antisocial behavior from an early age. It is identified in children with the antisocial process screening device 4 and in adults with the revised psychopathy checklist. 3, 5 Recent work has confirmed the stability of psychopathy from childhood into adulthood; childhood psychopathy is significantly associated with adulthood psychopathy. 6 Importantly, this disorder is not equivalent to the psychiatric diagnoses of conduct disorder (CD) or antisocial personality disorder (ASPD) (DSM-IV) or CD and dissocial personality disorder (ICD 10). These psychiatric diagnoses are relatively poorly specified and concentrate almost entirely on the antisocial behavior shown by the individual rather than any potential cause for this behavior, such as the emotion dysfunction seen in psychopathy. 7 A distinctive feature of psychopathy is that it confers an increased risk for both instrumental and reactive aggression. [8] [9] [10] Instrumental aggression (also referred to as proactive aggression) is purposeful and goal directed. The aggression is used instrumentally to achieve a specific desired goal. 11 Reactive aggression (also referred to as affective or impulsive aggression) is triggered by a frustrating or threatening event which frequently also induces anger. Importantly, the aggression is not goal directed. Many emotional disorders conditions (e.g., childhood bipolar disorder and Post Traumatic Stress Disorder) confer an increased risk for reactive aggression. 7 However, psychopathy is the only psychiatric condition to also confer an increased risk for instrumental aggression. This paper will concentrate on the implications of OFC dysfunction in psychopathy for the increased risk for instrumental and reactive aggression seen in this disorder.
One of the major strengths of the Psychopathy Checklist-Revised (PCL-R) in the classification of psychopathy has been its utility in risk assessment. This is in rather striking contrast to the diagnoses of CD and ASPD. Considerable work has shown the predictive power of scores on the PCL-R with respect to recidivism. [12] [13] [14] Moreover, this work has shown that the correlation between recidivism and psychopathy is significantly higher than that of the DSM diagnoses of CD and ASPD. 15 In recent work with children, the importance of the classification is beginning to be recognized with respect to treatment also. Hawes and Dadds found that amongst boys referred for conduct problems to a 10-week behavioral parent-training intervention, callous and unemotional (CU) traits uniquely predicted clinical outcomes when analyzed in relation to conduct-problem severity, other predictors of antisocial behavior, and parents' implementation of treatment. Specifically, they found that boys with high CU traits were less responsive to treatment than boys with conduct problems but low CU traits.
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THE BASIS OF THE DISORDER
There have been suggestions that psychopathy might be due to early physical/sexual abuse or early neglect. 17 This now appears unlikely. Animal and human work has examined the impact of extreme stressors on the development of the brain. For example, animal work has precisely shown that neglect and other stressors increase emotional responsiveness to threatening stimuli. 18, 19 Similarly, in humans, early physical/sexual abuse is a significant risk factor for the emergence of Post Traumatic Stress Disorder. This anxiety disorder is also associated with increased emotional responsiveness. 20 However, psychopathy is a disorder marked by reduced rather than increased emotional responsiveness.
Several recent studies have suggested a genetic contribution to the disorder. 21, 22 In one of the largest of these, involving around 3500 twin pairs, CU traits were shown to be strongly heritable (67% heritability) at 7 years. 21 However, an understanding of psychopathy at the molecular genetic level remains in its infancy. Importantly though, our increased understanding of the pathophysiology of psychopathy, in particular the dysfunction within the amygdala and medial OFC (see below), allows for some suggestive possibilities. Recent work has shown that several different genetic polymorphisms impact the functioning of these structures. [23] [24] [25] For example, several studies have reported that individuals who are long/long homozygotes for the serotonin transporter (5-HTTLPR) gene show significantly reduced amygdala responding to emotional expressions relative to those who have the short form polymorphism of the gene. 23 In addition, such individuals show weaker performance on some emotional learning tasks reliant on the interaction of the amygdala and medial frontal cortex. 26 It is possible that there is an array of genes whose polymorphisms affect the functional integrity of the amygdala and medial frontal cortex. The basic genetic risk for psychopathy may emerge if an individual possesses a sufficient number of polymorphisms predisposing the individual to reduced emotional and amygdala responsiveness.
While it is clear that psychopathy is under considerable genetic influence, this does not imply that social factors do not influence its development. They clearly do. For example, socioeconomic status is associated with the emergence of the full syndrome; it is significantly less likely to appear in individuals of higher social status. 27 This is unsurprising. As noted above, one of the distinct features of psychopathy is the increased risk for goal-directed instrumental aggression. An individual is less likely to be motivated to commit many types of antisocial behavior (e.g., mugging) if they already have the material resources to achieve their goals through other means.
IS PSYCHOPATHY DEVELOPMENTAL PSEUDO-PSYCHOPATHY?
In the early 1990s, Damasio and colleagues described a series of neurological patients who had suffered lesions to regions of ventromedial prefrontal cortex that include OFC. 28 In particular, they noted that, following the lesion, these patients were under increased risk for inappropriate and sometimes antisocial behavior. They also noted that these patients presented with decisionmaking impairments, particularly on the Iowa gambling task. 29, 30 On the basis of these data, they suggested that the "acquired sociopathy" following such lesions might be considered to model the impairment seen in individuals with psychopathy. 28, 31 They argued that psychopathy might be a developmental consequence of early OFC damage. 28 This view remains popular. However, it faces two serious problems. First, while OFC damage increases an individual's risk for frustration-based reactive aggression, it does not increase an individual's risk for goal-directed instrumental aggression even if the damage occurs early in life. 32, 33 OFC is involved in the regulation of the neural architecture that mediates the basic response to threat, i.e., the amygdala, hypothalamus, and periaqueductal gray. 7, 34, 35 Lesions of OFC presumably disrupt the downregulation of this architecture such that the individual is more likely to express the extreme reaction to a threat (reactive aggression) rather than a more appropriate reaction, such as freezing. 7 However, lesions of OFC do not increase the risk for instrumental aggression, which is the core behavioral feature seen in psychopathy. Of course, the impact of this criticism is tempered by the knowledge that there is no neurological condition that gives rise to patients who present with a condition similar to psychopathy. 36 This should not be considered surprising. Psychopathy is a developmental condition related to disturbances in the integrated functioning of specific neural regions, not a consequence of ablation to any specific area.
The second problem for the view that psychopathy might be a developmental consequence of early OFC damage is far more serious. Psychopathy is associated with a series of core functional impairments. However, these impairments are not seen following lesions of OFC. In contrast, they are seen in patients with amygdala lesions. For example, patients with psychopathy and neurological patients with lesions of the amygdala or OFC have been tested on similar aversive-conditioning paradigms. While patients with psychopathy 37 and patients with amygdala lesions 30 show impairment in aversive conditioning, patients with OFC lesions do not. 30 Similarly, all three patient groups have been tested on very similar expression-recognition paradigms.
All three groups show impairment, but while for patients with psychopathy 38 and patients with amygdala lesions 39 the impairment is particularly marked for fearful expressions, it is notably generalized for all negative emotional expressions in patients with OFC lesions. 40 Moreover, the idea that there is amygdala pathology in psychopathy is supported by the imaging literature. In studies with adult forensic populations, individuals with psychopathy have been found to show reduced amygdala responding to emotional words in the context of emotional-memory paradigms 41 and during aversive conditioning. 37 Work with sub-clinical populations has found that individuals with psychopathic traits show reduced amygdala responses to emotional expressions 42 and less amygdala differentiation in responding when making cooperation choices relative to defection choices in a prisoner's dilemma paradigm. 43 In short, it is unlikely that OFC dysfunction can be considered the cause of psychopathy (the primary deficits seen in the disorder are not consequences of OFC dysfunction). However, it is important to note that this does not imply that OFC is not dysfunctional in psychopathy (see below).
THE AMYGDALA, STIMULUS-REINFORCEMENT LEARNING, AND THE DEVELOPMENT OF PSYCHOPATHY
A considerable literature implicates the role of the amygdala in the formation and processing of stimulus-reinforcement associations. 44, 45 The core deficits seen in psychopathy all relate to this functional role of the amygdala. 46 Impairment in the formation of aversive stimulus-reinforcement associations would give rise to the observed deficits in individuals with psychopathy in aversive conditioning, the augmentation of the startle reflex following the presentation of visual threat primes and passive avoidance learning. [47] [48] [49] One important class of aversive stimuli for socialization is the distress of other individuals, the expressions of fear and sadness. 50 The amygdala is crucially involved in the response to these stimuli. 39, 50, 51 In line with suggestions of a specific form of empathy deficit, individuals with psychopathy show reduced autonomic responses to the distress cues of other individuals and impaired fearful facial and vocal expression recognition. 50 The argument has been made that the expressions of fear and sadness serve as social reinforcers. 50 As such, they allow caregivers to teach the societal valence of objects and actions to the developing individual 50 ; stimuli associated with the sadness/fear of others, in healthy developing children, are to be avoided. As such, they represent a particular form of outcome with respect to stimulusoutcome processing. A considerable body of work attests to the power of facial expressions to transmit valence information in both humans and other primates. 50, 52, 53 With respect to psychopathy, it is argued that because of their impairment in the response to other individuals' displays of sadness and fear and in the formation of stimulus-reinforcement associations, individuals with psychopathy are less able to take advantage of this "moral" social referencing. They are less likely to learn to avoid actions that might harm others. In line with this, several studies have demonstrated that individuals with psychopathy are more difficult to socialize through standard parenting techniques. 54, 55 It is interesting to note here that while the role of the amygdala in the formation and processing of stimulus-reinforcement associations is disrupted in psychopathy, it is not clear that all functions of the amygdala are similarly disturbed. Neuropsychological and neuroimaging work in humans has suggested a role for the amygdala in some aspects of social cognition. 56 While the functional details of this role remain underspecified, it appears that the amygdala plays a role in affect-related judgments based on facial stimuli. 56, 57 Thus, the amygdala has been implicated in the ability to make trustworthiness judgments on the basis of neuropsychological 58 and neuroimaging data. 59 The amygdala has also been implicated in the ability to judge complex social emotions based only on information from the eye region 60 by both neuropsychological 61, 62 and neuroimaging work. 63 Individuals with psychopathy show no significant impairment in making trustworthiness judgments 64 or during performance on the eyes task. 65 These data suggest that the amygdala's role in performing these tasks remains intact in individuals with psychopathy.
It should also be noted that these data complete a double dissociation with data from individuals with autism. Amygdala-centric models of the development of autism have also been proposed. 57 Individuals with autism appear to show deficits in making trustworthiness judgments, 66 though this is debated. 67 They certainly show deficits on the eyes task. 60 In contrast, their capacity to form stimulus-reinforcement associations appears intact though there may be some inappropriate generalization 68 and they also show appropriate augmentation of the startle reflex.
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MEDIAL OFC
Studies have indicated a role for medial OFC (including, in some studies, more superior regions of BA 10) in encoding the value of Pavlovian conditioned stimuli 70, 71 (see also Refs. [72] [73] [74] . Similar regions of medial OFC have also been implicated in goal-directed instrumental action selection whether the task requires the learning of stimulus-outcome [75] [76] [77] [78] or response-outcome associations 79 or if the outcome information is explicitly supplied to the participant in the form of a decision-making task. [80] [81] [82] In line with animal work, [83] [84] [85] the amygdala appears involved if the value to be represented is determined through prior stimulus-reinforcement learning, whether in the context of a Pavlovian conditioning 70, 71 or instrumental learning task. 75, 77, 86 In line with suggestions that the amygdala is not necessary for stimulus-response learning, 44 the amygdala may not be involved if the value to be represented is determined through prior stimulus-response association learning. 79 The basic suggestion is that the amygdala feeds forward reinforcement information associated with stimuli to medial OFC, which then represents this outcome information. This idea is a core component of the Integrated Emotion Systems (IES) model of psychopathy, 46 and this component of the IES model was derived principally from the work of Schoenbaum and colleagues. [83] [84] [85] The function of this representation of reinforcement information within OFC is becoming clearer. There have been suggestions that OFC normalizes the value of competing outcomes so that the value of differing rewards, such as apples and oranges can be compared 87 (see also Ref. 88) . In line with these suggestions, recent recording work demonstrated the existence of cells in OFC that encode the value of offered and chosen goods. They show greater activity to smaller amounts of a more desirable object relative to greater amounts of a less desirable object. 89 Considerable progress is being made regarding the functional roles of OFC for decision making in relation to other important structures, such as dorsomedial frontal cortex. 90 An issue of particular relevance to psychopathy is the degree to which OFC's role in the representation of outcome information allows the comparison of values. 46, 88, 91 This suggestion was driven by the finding of a significant correlation of OFC activity and subjective reports of choice difficulty. 91 But if OFC is involved in the comparison of values, it should show differential responsiveness to parameters that increase choice difficulty on the basis of value information. Two parameters that increase choice difficulty are: (1) the degree of difference in reinforcement associated with the chosen and non-chosen object (the greater the differential in value, the easier the decision making); and (2) the number of objects to choose among (the fewer objects with different values to choose between, the easier the decision making). However, neither the degree of difference in reinforcement associated with the chosen and non-chosen object 76 nor the number of objects to choose among 75 had a significant impact on OFC activity. In both these studies, medial OFC activity was seen to vary as a function of the reinforcement associated with the chosen stimulus. 75, 76 Indeed, there was evidence that OFC was involved in the representation of the reinforcement associated with the non-chosen stimulus also. 76 But OFC as such does not appear to be involved in the comparison of values.
Dorsal regions of anterior cingulate cortex did show significant activity in response both to the degree of difference in reinforcement associated with the chosen and non-chosen object and to the number of objects among which to choose. 75, 76 This is consistent with suggestions that dorsal anterior cingulate cortex is involved in the monitoring and resolution of response conflict. [92] [93] [94] [95] It is plausible that the representation of outcome information by medial OFC allows reinforcement expectancies to be translated as approach or avoidance tendencies. Response options that are close in reinforcement value should be associated with approach or avoidance tendencies of similar strength and greater response conflict than in cases where options are more dissimilar. 76 Similarly, the greater the number of response options, the greater should be the response conflict. 75 Individuals with psychopathy show general impairment on tasks involving deciding between objects on the basis of stimulusreinforcement information, 96 consistent with the suggestion that the role of medial OFC in the representation of outcome information is impaired (see below). However, their level of impairment is not significantly affected by reinforcement distance. This is consistent with the suggestion that the role of dorsal anterior cingulate in the monitoring and resolution of response conflict is intact in psychopathy.
In short, the suggestion here, following Schoenbaum and Roesch, 88 is that medial OFC codes reinforcement expectancies, potentially normalizing the value of competing outcomes (see also Ref. 87 ). This region itself does not directly select between responses but rather allows the representation of value information crucial for stimulus selection. Dorsal anterior cingulate cortex operates on the translation of this information into response tendencies.
MEDIAL OFC AND PSYCHOPATHY
As noted above, the amygdala feeds forward reinforcement information associated with stimuli to medial OFC, which then represents this outcome information. [83] [84] [85] Given the suggestion made above that the amygdala's role in stimulus-reinforcement learning is disrupted in psychopathy, it might be expected that individuals with psychopathy will show anomalous medial OFC activity in the context of tasks which activate the amygdala. This is exactly what is seen. In Kiehl and colleagues' study of emotional memory, individuals with psychopathy not only showed reduced amygdala responses to the emotional words but also reduced rostral anterior cingulate cortex/medial OFC activation. 41 There was also reduced medial OFC activity in the individuals with psychopathy during aversive conditioning, 37 as well as less medial OFC differentiation in responding when making cooperation choices relative to defection choices in the prisoner's dilemma paradigm. 43 Of course, it is impossible to determine on the basis of these imaging results whether the reduced medial OFC activity reflects dysfunction in this region or simply reduced input to this region from the amygdala. As noted above, considerable animal work has stressed the importance of the interaction of the amygdala and OFC. 88, 97 Damage to the amygdala has a detrimental impact on OFC functioning. 88 However, it is important to note that animal work also suggests that early amygdala dysfunction disrupts the appropriate development of OFC. 98 It thus appears likely that psychopathy is associated with both amygdala and medial OFC dysfunction. However, to demonstrate this conclusively it will be necessary to demonstrate anomalous activity in medial frontal cortex in a task which does not implicate the amygdala. Medial OFC and, to a lesser extent, the amygdala have been consistently identified in neuroimaging studies of moral reasoning. [99] [100] [101] For example, Greene and colleagues reported increased medial OFC activity to personal as opposed to impersonal moral choices 100 ; the difference between these two situations effectively relates to the salience of the victim. Similarly, Luo and colleagues demonstrated increased amygdala and medial OFC activity to more severe relative to less severe moral transgressions. 99 Much of the moral reasoning has been relatively vague regarding the functional roles of the neural regions implicated. For example, Greene and colleagues related the areas they identified to "emotional processing." 100 Moll and colleagues have argued that medial OFC is implicated in representing social and emotional structured-event complexes. 102 These social and emotional structured-event complexes are considered to be long-term memories of event sequences that guide the perception and execution of goal-oriented activities, such as going to a concert or giving a dinner party. 102 However, the functional specifics of these structured-event complexes remain underspecified, particularly with respect as to how they interact with emotional processing and limbic system activity.
However, by referring to the animal literature it is possible to understand the functional role of the interaction of the amygdala and medial OFC in moral reasoning in more detail. 88 This literature allows greater specification of the roles of these structures with respect to moral reasoning and, when dysfunctional, the development of psychopathy. It is argued here that the amygdala plays a role in morality by allowing the association of representations of transgressions that harm others (e.g., interpersonal violence, property damage/theft) with the emotional response to the victim's fear/sadness. 7, 103 The individual's "automatic moral attitude" to a moral transgression involves the activation of the amygdala by the conditioned stimulus that is the individual's representation of the moral transgression. The amygdala then provides expected reinforcement information (both positively and negatively valenced), which is represented as a valenced outcome within medial OFC. This information is crucial for determining the individual's "attitude" towards the action, their tendency to approach or avoid it.
This suggests that damage to medial OFC should disrupt moral reasoning. In some interesting recent work, Hauser and colleagues examined the performance of patients with lesions of medial OFC on variants of the trolley problem used in Greene and colleagues' neuroimaging study. 104 In the trolley problem, the participant has to decide whether to save one or five people. If the salience of the one and the five are relatively similar, participants, unsurprisingly, are significantly more likely to save the five. However, if the salience of the one is increased (e.g., because it is necessary to actively push the one in front of the train to save the five), healthy participants are significantly more likely to choose to save the one rather than the five. In contrast, however, patients with medial OFC lesions are more likely to save the five no matter the emotional salience of the one's predicament. 104 In psychopathy, disruption of the functioning of the amygdala and medial OFC means that the guidance of behavior provided by the integrated functioning of the amygdala and medial OFC is dysfunctional. The individual is more likely to harm others because they less well represent the aversive outcome of the victim's distress and so are less likely to avoid performing the moral transgression. The individual with psychopathy shows impaired moral reasoning 103 and is also impaired in decision making more generally; there is reduced avoidance of actions associated with expected punishment. 48, 96, 105 
LATERAL ORBITAL/VENTROLATERAL FRONTAL CORTEX AND PSYCHOPATHY
Individuals with psychopathy have been found to show impairment in reversal-learning paradigms. [105] [106] [107] [108] In reversal-learning paradigms, the individual initially learns to make a response to gain a reward. The reinforcement contingency then changes so that the correct response no longer results in reward, and a new response must be learned to achieve the reward.
The impairment in reversal learning seen in psychopathy is not thought to relate to the development of psychopathy per se. 46 Reversal-learning impairments have been seen in other clinical populations; e.g., children with bipolar disorder. 109 Instead, the reversal-learning impairment is thought to relate to an increased risk for reactive aggression. 46 An increased risk for reactive aggression is seen in both childhood bipolar disorder and psychopathy. 110, 111 As noted above, reactive aggression is associated with frustration as well as perceived threat. An individual who cannot change their behavior to accommodate to changing real-life contingencies, an individual who cannot perform reversal learning, is at increased risk for frustration. As such, they are at increased risk for reactive aggression. 7 Early neuroimaging work consistently suggested the importance of lateral regions of OFC/ventrolateral frontal cortex in reversal learning. [112] [113] [114] Given this early neuroimaging literature and the consistent findings of reversallearning impairment in psychopathy, it was suggested that psychopathy was associated with dysfunction within lateral regions of OFC/ventrolateral frontal cortex. 46, 107 However, it now appears that these early suggestions regarding lateral OFC/ventrolateral frontal cortex dysfunction may have been wrong.
In contrast to the neuroimaging work, the human and, to a greater extent, the animal neuropsychological work considering reversal learning has demonstrated that lesions in more medial regions, orbital and medial prefrontal cortex, are associated with impairments in reversal learning. [115] [116] [117] [118] Indeed, minimal animal work has investigated the impact of ventrolateral prefrontal cortex for reversal learning. Part of the problem with the human neuroimaging literature may have been the frequent use of serial reversal paradigms; i.e., the advantageous response becomes the disadvantageous response and then becomes the advantageous response and so on throughout the study. 112, [119] [120] [121] Such serial reversal paradigms may emphasize the motor control aspects of reversal learning (the selection of the appropriate motor response to achieve the goal) at the expense of those aspects of reversal learning relating to the computation of reinforcement expectancies.
A recent fMRI study of reversal learning used a number of different pairs of stimuli. 122 For those pairs of stimuli where the response contingencies changed, they only changed once. Moreover, the response contingencies did not change for all stimuli. This study replicated previous findings that a punished reversal error was associated with significantly increased activity in ventrolateral and dorsomedial prefrontal cortex. 112, 119, 123 Importantly though, the activation in ventrolateral prefrontal cortex could not be related to the inhibition of a previously prepotent response 112 or the representation of punishment information. 121, 123, 124 One of the reasons for this was that both ventrolateral and dorsomedial prefrontal cortex showed strong activation to rewarded incorrect responses during acquisition. In other words, these regions could show significant activity before a prepotent response had been established to a response that engendered reward. The argument developed by Budhani and colleagues 122 was that response conflict occurred following punishment information to a reversal error or an accidental mistake during acquisition and that this led to dorsomedial frontal cortex activation [92] [93] [94] (see also Ref. 95 ). This response conflict was resolved via the recruitment of ventrolateral prefrontal cortex.
Budhani et al. 122 also observed that punished reversal errors had a significant impact on medial OFC activity; specifically, they were associated with significantly reduced activity in these regions. The function ascribed to OFC in reversal learning within the animal literature has not been clearly specified. There have been suggestions that it might mediate behavioral inhibition, however recent data indicate that this is not the case. 125 The Budhani et al. 122 data suggested that the function of medial OFC in reversal learning might relate directly to its role in outcome representation. Previous work has implicated medial OFC in prediction error signaling; i.e., it has demonstrated a decrease in neuronal firing and blood-oxygen-level dependent response following an unexpected punishment or the absence of an expected reward. 74, 126, 127 It is possible that this prediction error signaling in medial OFC may be important for the rapid detection of contingency change and consequent reversal learning.
The Budhani et al. 122 study thus suggested that the reversal-learning impairment seen in individuals with psychopathy might relate to dysfunction either in systems putatively signaling unexpected reinforcement (medial OFC) or in those implicated in processing response conflict and implementing response changes (dorsomedial and ventrolateral frontal cortex). A recent study investigating this issue using a paradigm very similar to that of Budhani et al. 122 indicated that the impairment might relate to medial OFC dysfunction (Finger et al., submitted) . Children with Disruptive Behavior Disorders and elevated CU traits (the emotional component of psychopathy) failed to show reduced activity in medial OFC to punished reversal errors. This was in marked contrast to healthy children and children with Attention Deficit and Hyperactivity Disorder (Finger et al., submitted) .
CONCLUSIONS
Psychopathy is a developmental disorder marked by a significantly increased risk for goal-directed instrumental aggression and frustration-based reactive aggression that occurs the context of a specific form of emotional hyporesponsiveness. It does not appear to be a developmental form of the pseudopsychopathy that can be seen following lesions of medial OFC. This is because the core functional impairments seen in individuals with psychopathy do not rely on the integrity of OFC. Instead, the core functional impairments rely on the integrity of the amygdala. Importantly, though, this does not suggest that psychopathy can simply be considered to reflect amygdala dysfunction. Certain functions of the amygdala, particularly those reflecting social cognition, appear intact in individuals with psychopathy.
Considerable animal and human neuroimaging work attests to the important integrated role played by the amygdala and medial OFC with respect to stimulus-reinforcement learning and decision making. It is this integrated function that appears disrupted in individuals with psychopathy. This disrupts their capacity for socialization and makes them significantly more likely to engage in instrumental actions that may give rise to others' harm.
There have been suggestions that lateral regions of OFC/ventrolateral prefrontal cortex might be disrupted in individuals with psychopathy. This was based on repeated human neuroimaging findings that indicated an important role for these regions but not for more medial regions of OFC in reversal learning. Reversal learning is impaired in psychopathy. It is thought that this deficit in being able to flexibly alter behavior following changes in reinforcement contingencies is causally related to the increased risk for frustration-based reactive aggression seen in this disorder. However, more recent imaging work has indicated that medial OFC does play an important role in reversal learning, consistent with previous animal work. These imaging data have suggested that the role of this region in the representation of reinforcement information and consequent signaling of prediction errors if this reinforcement does not occur is crucial for reversal learning. Current neuroimaging work with children with the emotional deficit seen in psychopathy indicates that dysfunction in medial OFC may underpin their impairment in reversal learning.
